The present study was conducted to correlate between the phytochemical constituents in the extract of C. mangga rhizomes and its immunomodulatory effect on phagocytosis of mice leukocytes. The phytochemical screening was performed using the standard method, while qualitative analysis of curcumin in C. mangga extract was examined using Thin Layer Chromatography (TLC). The n-hexane, ethyl acetate and ethanol extracts of C. mangga were introduced to carbon clearance method for their immunomodulatory potential. The phytochemical screening on nhexane and ethanol extracts of C. mangga rhizomes revealed the presence of steroids and terpenoids. Meanwhile, glycosides, saponins and flavonoids were detected in ethyl acetate and ethanol extracts. The TLC analysis led to the identification of curcumin in all extracts. All the samples tested demonstrated the immunostimulatory effect on phagocytosis ability of mice leukocytes. Of all the extracts, n-hexane extract displayed the strongest stimulation on phagocytosis effect but there was no significantly different (P>0.05). The results suggest that the immunostimulatory activity of extract on phagocytosis ability was due to the presence of its major constituents although other constituents may also contribute.
INTRODUCTION
Nowadays, the utilization of medicinal plants to treat many diseases has increased 1 . The pharmacological activity of medicinal plants was contributed by its various active metabolite constituents. There are several secondary metabolites which have been reported to have important biological activities, which include flavonoids, saponins, glycosides, alkaloids, steroids, terpenoids, tannins and some other secondary metabolite 2 . These compounds were found to have various biological activities, such as antioxidant and immunomodulatory activities [3] [4] . Immunomodulators are used for the treatment of many diseases due to immune system disfunction such as rheumatoid arthritis, lupus erythematosus dan immunodeficiency 5 . Immunomodulators might affect different lineages of the immune system. Phagocytosis in the main mechanism of the innate immune system to eradicate or eliminate invading organism 6 .
Phagocytosis which facilitated by recognizing bacterial structures directly or by recognizing opsonized bacteria is performed by pseudopodia to engulf an organism or particle, finally destroy the bacteria 7 . Several plants have been reported to have immunomodulatory effects such as Curcuma domestica, Curcuma xanthorrhiza, Gynura segetum and Andrographis paniculata 4, [8] [9] . Curcuma mangga rhizome was found to be rich in various bioactive compounds. This plant has been used in traditional medicine to treat various diseases such as fever, stomach disorders and cancer 10 . The antiinflammatory, immunomodulatory, antifungal, anticancer and nitric oxide inhibitory activities of C. mangga have also been reported [11] [12] [13] [14] . Safety assessment revealed that it was untoxic in show short-term treatment 15 . The previous study has also shown the immunomodulatory properties of C. mangga 16 . However, the correlation between phytochemical constituents and its immunomodulatory activity was seldom reported. The present study was conducted to examine the immunomodulatory effect of n-hexane, ethyl acetate and ethanol extracts of C. mangga rhizomes in an effort to correlate the activities with those of their constituents..
EXPERIMENTAL
The chemicals used in this study were natrium carboxylmethlcellulose (Na CMC) (Sigma, USA), nhexane, ethyl acetate, ethanol (SmartLab, Indonesia). Dragendorff reagent, Mayer reagent, Ferri (III) chloride, Molisch reagent, hydrochoride acid, sulfuric acid, Mg powder, amil alcohol, LiebermannBurchard reagent were obtained from Merck (Germany). Imboost® (Soho, Indonesia) as a positive control, NaCl (Otsuka, Indonesia), China ink (pelikan B-17) and acetic acid (SmartLab, Indonesia) were also used. Thin Layer Chromatography (TLC) plates were purchased from Merck (Darmstadt, Germany). A Spectrophotometer from Shimadzu (Japan) and a rotary evaporator from Heidolph (Germany) was used to perform the experiment.
Plant Collection
The C. mangga rhizomes were obtained from Sumatera Utara, Indonesia. Identification of plant was confirmed by a biologist in Herbarium Medanense (MEDA), University of Sumatera Utara, Indonesia.
Extraction procedure
The plant material was extracted by sequential maceration method using n-hexane, ethyl acetate and ethanol. Initially, the dried material (500 g of C. mangga rhizomes) was extracted with n-hexane. The extraction was repeated three times. Then, the residue was macerated with ethyl acetate, finally, the residue was macerated with ethanol. The solvent was removed using a rotary evaporator to obtain various extracts of C. mangga rhizomes.
Phytochemical Screening
The n-hexane, ethyl acetate and ethanol extracts of C. mangga rhizomes were investigated for the presence of flavonoids, alkaloids, steroids, terpenoids, tannins, saponins and glycosides. The color intensity or the precipitate formation after introduced with reagents were used as analytical responses to these tests.
Test for Tannins
An amount of 10 ml of distilled water was added to the tube containing 0.5 g aqueous extract. Then, 2 ml aliquot was added with 1-2 drops of 1 % ferri (II) chloride. The dark blue or dark green color showed the presence of tannin 17 .
Test for Saponins
Ten (10) ml of hot distilled water was added to 0.5 g of extract in a test tube, the mixture was then cooled and it was mixed vigorously. The foam appearance with height around 1-10 cm for less than 10 minutes and disappeared after additional of 1 drop of 2N hydrochoride acid showed the presence of saponins 17 .
Tests for Flavonoids
One hundred (100) ml of hot distilled water was mixed with 10 g of extract in a test tube and it was boiled and filtrated. Then, 5 ml of filtrate was added with 0.1 g Mg powder, 1 ml HCl and 2 ml amyl alcohol. The yellow-red color in amyl alcohol layer showed the presence of flavonoids 17 .
Tests for Glycosides
The aqueous extract (3 g) was mixed with 2N H2SO4 (10 ml), refluxed for 1 h, the mixture was then cooled and filtrated. Thereafter, 20 ml filtrate was mixed with 25 mL distilled water, 25 mL Pb (II) acetate and it was filtrated. Then, 20 ml filtrate was mixed with isopropanol and alcohol (2:3) and evaporated. The residue was dissolved in 2 mL methanol and added with 2 mL water and 5 drops of Molisch reagent. Finally, 2 mL of H2SO4 was added carefully. A purple ring formed between the layers showed the presence of glycosides 17 .
Test for Steroids and Terpenoids
One (1) g extract was mixed with 20 mL ether, then it was filtrated and evaporated. The residue was added with the Lieberman-Bouchard reagent. A red color formed showed the presence of steroid, meanwhile, a purple or pink color showed the presence of terpenoids 17 .
Tests for Alkaloids
An amount of 0.5 g was mixed with 1 mL 2 N HCl, 9 mL distilled water and it was boiled in a water bath, then cooled and filtrated. Then, 3 drops of filtrate with 2 drops of Mayer reagent or Bouchardat reagent or Draggendroff reagent. The precipitate formation at least after additional two above reagents showed the presence of alkaloids 17 .
Qualitative Analysis of Curcuminoids using Thin Layer Chromatography (TLC)
The determination of curcuminoid in three different extracts (n-hexane, ethyl acetate and ethanol extracts) was conducted using Thin Layer Chromatography method as described previously by Stahl (1995) 18 . Each extract was spotted in TLC silica gel and eluted with chloroform: benzene: ethanol (45:45:10). Then, it was observed under various wavelength of UV lamp (254 and 366 nm). It was also sprayed with vanillin-sulfuric acid to confirm the presence of curcuminoids.
Phagocytosis Response
The phagocytosis response was investigated according to our previous study 19 . Briefly, mice were treated with n-hexane, ethyl acetate and ethanol extracts of C. mangga at doses of 100, 200, 400 mg/kg BW for 7 days. The vehicle only (Na CMC 0.5%) was administered to mice in the negative control group. Imboost ® (32.5 mg/kg BW) was used as positive control. Then, all the animals were injected through the intravenous route by China ink dispersion (0.1 ml per 10 g). Thereafter, the blood samples were collected at an interval of 5, 10, 15 and 20 min and added to 1% acetic acid. Finally, the level of carbon in blood was measured as absorbance value using spectrophotometer at 640.5 nm. The livers and spleens were removed after 12 h of blood collection. The rate of carbon clearance (K), phagocytic index (α) and stimulation index were calculated by using the following formula:
The rate of carbon clearance (K) = Phagocytic index (α) = Where OD5 is the log absorbance of blood at 5 min; OD20 is log absorbance of blood at 20 min; t2 is the end time point of blood collection; t1 is the initial time point of blood collection. The study was approved by the Animal Research Ethics Committees of the University of Sumatera Utara (approval number 0289/KEPH-FMIPA/2018).
Statistical Analysis
The data were analyzed using SPSS version 15.0. A one-way analysis of variance (ANOVA) and followed by the Tukey post hoc test with P<0.05 were calculated to determine the significance of the difference.
Log OD5 -log OD20 t2 -t1 K 1/3 x body wt of animal Liver wt + spleen wt
RESULTS AND DISCUSSION
Phytochemical Screening Table-1 shows the phytochemical constituents in the various extract of C. mangga rhizomes. Three different solvents were used to prepare the extract, which includes n-hexane, ethyl acetate and ethanol in order to investigate the chemical constituents extracted by the different polarity of the solvent. The results are expressed as (+) for the presence and (−) for the absence of phytochemicals as shown in Table- 1. The phytochemical screening of n-hexane extract demonstrated the presence of steroids and terpenoids. Flavonoids, saponin, and glycosides were detected in ethyl acetate and ethanol extracts of C. mangga. In addition, steroids and terpenoids were also detected in ethanol extract. This result might be due to the incomplete extraction by n-hexane or high amount of steroid/terpenoids in C. mangga rhizomes. However, all those compounds are widely known to have biological activity. Terpenoids are reported to enhance the immune system 20 . In aggreement with our previous study which reported the immunomodulatory activity of C. mangga rhizomes 19 . Steroids/terpenoids + -+ + = presence, -= absence of phytochemical content Qualitative Analysis of Curcuminoids using TLC Our previous study reported that crude ethanol extract of C. mangga rhizomes contains curcuminoids (curcumin, demethoxycurcumin and bisdesmethoxycurcumin) 21 . The present study was conducted to evaluate the distribution of curcuminoid in the various extract obtained using different polarity of the solvent. Curcumin in curcuminoids was eluted with Rf value of 0.66, meanwhile, in n-hexane, ethyl acetate and ethanol extracts were 0.63, 0.63 and 0.66, respectively (Fig.-1) . Determination of demethoxycurcumin in the extract was confirmed by the presence of spot in Rf value of 0.57 in n-hexane and ethyl acetate extract and 0.58 in ethanol extract which was comparable with Rf value of demethoxycurcumin in curcuminoids standards (Rf: 0.57). Meanwhile, the presence of bisdemethoxycurcumin (Rf value: 0.51) was confirmed by Rf value of 0.50 and 0.51 in ethyl acetate and ethanol, respectively. The results indicate n-hexane extract contained less amount of curcumin and demethoxycurcumin, while bisdemethoxycurcumin was not detected in this extract which showed by the less color of the TLC spot. Meanwhile, ethyl acetate and ethanol extracts contained a significant amount of curcuminoids. Curcuminoids are polyphenolic compounds thus,might be extracted by semipolar and polar solvent 22 . The result was in agreement with phytochemical screening which showed the presence of flavonoids and another semi polar and polar compounds.
Phagocytosis Response
The effect of n-hexane, ethyl acetate and ethanol extracts on phagocytosis response was determined by carbon clearance method. The high difference of absorbance between the initial and end time point of blood collection indicates the high clearance rate of carbon particle due to carbon engulfment by mice leukocytes. All the samples tested at various doses (100, 200, and 400 mg/kg) showed higher phagocytic index than the negative control (P<0.05), signifying that they were enhancing the immune response (Fig.-2) . The n-hexane extract of C. mangga demonstrated the strongest stimulant but still comparable with others extracts of C. mangga (P>0.05). However, the stimulatory activity of n-hexane extract of C.
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mangga with phagocytic index of ranging from 2.03-2.28 was much lower than positive control, Imboost ® with a phagocytic index of 6.82 and crude ethanol extract of C mangga as reported in our previous study with a phagocytic index of 6.71 19 . The enhancement of phagocytosis activity of n-hexane extract might be due to the presence of terpenoids and curcuminoids. The previous study reported that terpenoids could enhance the intracellular killing effect of macrophages 20 . However, the immunomodulatory activity of those three extracts was not significantly different, indicating that most constituents play role in stimulating phagocytosis response. In addition, our previous study reported that crude ethanol extract of C. mangga demonstrated much stronger stimulation in phagocytosis ability of mice leukocytes 19 , signifying that interaction of all active constituents play a major contribution in enhancing the immune response.
CONCLUSION
The phytochemical screening led to the identification of steroid/terpenoids in n-hexane and ethanol extracts of C. mangga rhizomes. Meanwhile, flavonoids, glycosides and tannins were detected in ethyl * * * * * * * *acetate and ethanol extracts. Further investigation on curcuminoid content in various extracts revealed the presence of low amount of curcuminoids (without bisdemethoxycurcumin) in n-hexane extract and high amount of curcuminoids in ethyl acetate and ethanol extract. All the extracts of Curcuma mangga were able to increase phagocytosis ability of mice leukocytes. The n-hexane extract showed the highest phagocytic index but still comparable with other extracts, signifying the immunostimulatory effects of all the extracts were similar to each other. Hence, from the results obtained, it can be concluded that most constituents in Curcuma mangga play role in immunomodulatory effects. However, further investigations are necessary to elucidate the components in C. mangga and their activity on other mechanisms of immunomodulatory responses.
